Different AutoAnalyzer methods for the measurement of serum calcium were considered with respect to sensitivity, precision, accuracy, and ease of use under routine conditions. The method of Kessler and Wolfman (1964) using cresolphthalein complexone had caused difficulty in routine use due to baseline noise and insensitivity in the region where most results fall-8-12 mg/loo ml. Methods using fluorimetry appear to offer the greatest sensitivity. The original AutoAnalyzer method of Hill (1965) with no dialysis stage had been shown by Fingerhut et al., (1969) to be susceptible to interference from bilirubin and other non-dialysable serum constituents. The latter group developed a method with an intermediary dialysis stage, and showed this to give more accurate results. Using an AutoAnalyzer system similar to that of Fingerhut et al., but using the flow cell-debubbler unit supplied by Technicon Co. Ltd., it was observed that poor sensitivity was obtained using the highest light intensity possible that enabled a satisfactory baseline to be set. An attempt has been made to increase the sensitivity of the method by modifying the alkaline calcein reagent. Using the modified conditions for calcium measurement a semi-micro method for the simultaneous measurement of calcium and inorganic phosphate in serum and urine has been developed. ApPARATUS 
Hydrochloric acid diluent
Dilute 68 ml concentrated hydrochloric acid to 4 litres with distilled water. Add 2 ml of Brij 35 (20 g/1oo ml).
CalceinjSodium hydroxide
Dissolve 160 g sodium hydroxide (analar) in 4 litres of distilled water. Cool to room temperature. Add 60 rng calcein (Hopkin and Williams Ltd., England). Addition of calcein to hot sodium hydroxide solution results in a reduction in the sensitivity of the method. Sensitivity is also reduced if the reagent is exposed to light: falls by about a factor of three after exposure to light for one week. Store the reagent in a dark polystyrene bottle.
Acid/molybdate
Dissolve 13 g sodium molybdate (analar) in 1 litre of distilled water. Add 200 ml concentrated hydrochloric acid and dilute the solution to 2 litres.
Working Triton x /00
Dilute 4 ml Triton x 100 (Lennig Chemicals Ltd., Croydon) to 100 ml. Shake vigorously to dissolve.
Methyl green
Dissolve 200 mg methyl green (George Gurr Ltd., Romford) in distilled water. Add 20 ml working Triton x 100, mix, and dilute to 1 litre.
Extran
Dissolve 5 g extran (Merck, Darmstadt) in 1 litre of water.
All reagents are stable for at least one week at room temperature.
Stock calcium solution /00 mg]/00 ml Dissolve 2.497 g analar calcium carbonate, dried to constant weight, in 100 ml N HCI, and make up to 1 litre. 81 Stock phosphate solution (100 me/loo ml) Dissolve 4.39 g potassium dihydrogen phosphate in distilled water and make up to 1 litre.
Stock magnesium solution (100 me/lOO ml)
Dissolve 8.46 g magnesium chloride (Mg Cl2 6H20) in distilled water and make up to 1 litre. 
RESULTS
Using reduced alkaline conditions to measure the calclurn/calcein complex introduces interference from magnesium ( fig. 2 ). This is most obvious using the calcium 'only' technique, a 10 mg/loo ml calcium solution containing I mg/loo ml magnesium reading 0.4 mg/loo ml higher than the same solution containing no magnesium. The final reaction conditions A are slightly more alkaline in the simultaneous technique and it is seen that the interference is reduced. This interference can easily be removed including magnesium in the standards, since magnesium interference is almost constant above 1 mg/loo ml.
From fig. 3 it can be seen that the first serum specimen following an aqueous standard gives a lower result than expected, and the first aqueous standard following a serum gives a higher result than expected. This phenomenon was also observed using the cresol phthalein technique when carrying out the comparisons here. Calcium in serum is possibly adsorbed onto pump tubing and eluted by the aqueous standard. For drift correction, two aqueous METHODS (2) Simultaneous calcium and inorganic phosphate Calcium is measured as above but the stream is split after dialysis, one fifth of the dialysate being re-pumped, air segmented, and mixed with methyl green reagent after phosphomolybdate formation, the optical density being measured at 660 nM. The remainder of the dialysate is mixed with alkaline calcein reagent as above. The manifold had been designed so that all reagents can be delivered using a single AutoAnalyzer Pump I, the larger diameter tubes to the top, and smaller to the bottom of the assembly ( fig. 1) . A film of dye gradually appears at the beginning of the double mixing coil during phosphate analysis. This does not interfere with phosphate measurement, and can be removed by pumping 0.5 g/IOO ml extran solution through the phosphate reagent lines.
(1) Calcium
The analytical rate is 40 per hour, and the sample to wash ratio is 1: 1. Serum is mixed with and dialysed into a stream of dilute hydrochloric acid. The dialysate is mixed with alkaline calcein solution in a coil constructed by winding transmission tubing round t in. glass tubing and is equivalent in length to three double mixing coils. This coil is enclosed in polystyrene to minimize temperature fluctuations. The fluorescence of the calcium-calcein complex, activated at 405 nm, is measured beyond 485 nm.
The flow diagram is as given by Fingerhut et al. (I969) the only difference being the use of the Technicon flow cell-debubbler unit in this system, with debubbling rate increased to 3.4 ml per minute and fluorescence adjusted using aperture 3x and slit 7. standards are used, correction being based on the second of these. The result of the first serum analysed after the drift is rejected. For urine analysis only a single aqueous drift standard is used. Brij 35 is included in the acid diluent as a wetting agent and was found not to interfere with calcium measurement.
Dialysis in dilute hydrochloric acid (approx. 0.2 N) gives a suitable standard curve for phosphate determination. Van Belle (1970) dialysed using an acetate buffer solution and included Brij 35 in the methyl green reagent to prevent precipitation of the dye in contact with the acid/molybdate reagent. The presence of Brij 35 as wetting agent in the acid diluent reduces the sensitivity of the phosphate standard curve at the 15 mg/l 00 ml level by about 20 % due possibly to interference with phosphomolybdate formation. Inclusion of Triton x 100 in the methyl green reagent offsets this by increasing the sensitivity by approximately the same factor (when Brij is present in the acid diluent).
interaction Interaction between samples is negligible for the calcium techniques and about 5 % for phosphate, a 3 mg/loo ml standard reading 3.4 mg/loo ml following a 12 mg/100 ml standard (figs. 3 and 4).
Recoveries
Recovery experiments were carried out by adding increasing levels of calcium and phosphate to a 'Versatol Paediatric' quality control serum. No interference has been observed from the following constituents above levels found in both serum and urine in the normal or pathological state.
Fe 3 +, K+, Na+, Zn 2 +, ci-, S04 2 -, creatinine, glucose, I-phenylalanine, urea, uric acid, Ca 2 + (with phosphate technique), P04 3 -(with calcium techniques). Sulphonamides and salicylates have been reported by Meites (1970) to quench fluorescence of the calciurn-calcein complex, when using a modified version of the manual technique of Kepner and Hercules (1963) .
Sulphadimethoxine, sulphadiazine, sulphisoxazole, acetysalicylic acid, and sodium salicylate cause no interference in the fluorometric technique used here when added to serum, although the possible interference from metabolites of these drugs has not been investigated.
Precision
Both within-and between-batch precision figures are presented in Table I . Within-batch precision was determined by analysing the same serum 30 times in a single analytical run. Between-batch precision was determined over two periods of six months, and based on repeat analysis of patient sera in different analytical runs. The precision of the calcium tech- Table 1 . Within-and between-batch precision. -----------1 
Comparisons with other methods
Comparisons have been carried out between: (a) The method for calcium determination in serum and the AutoAnalyzer method of Kessler and Wolfman (1964) using cresolphthalein complexone.
(b) The method for phosphate determination in serum and the AutoAnalyzer method of Young (1966) , using metol as colour developer.
(c) The simultaneous method when used for calcium determination in urine and the Atomic Absorption technique of Willis (1961) using a Perkin Elmer model 303.
(d) The method when used for phosphate determination in urine and the AutoAnalyzer method using metol, the samples being manuaIly diluted 1 in 10 before transfer to cups.
The results of the comparisons are in table 2. There are no significant differences in the results in the comparisons made. Correlation is good in all cases.
DISCUSSION
A continuous flow technique had been described (Technicon Co. Ltd.) using as little as 120 JlI sera, but this requires double dialysis of the same specimen to achieve reasonable sensitivity. Because of the sensitivity of the individual techniques, only a single dialysis stage is required here.
To improve the sensitivity of the calcium techniques, the strength of the sodium hydroxide solution has been reduced from 2 to I molar. This approximately trebles the sensitivity of the calcium technique. Lewin et al. (1969) , Moser and Gerarde (1969) , and Bandrowski and Benson (1972) have used this order of alkali concentration in manual methods where calcium is determined using calcein. Rushton et al. (1971) have automated the method of Lewin, and include EDTA in the calcein reagent to 'back off' fluorescence below 8 mg/IOO ml calcium, in order to increase the sensitivity of the method and measure very small changes in plasma calcium after oral administration of a calcium load. Using a Watson/Marlow pump and an Aminco Bowman Spectrophoto fluorometer in their system, they report excellent within-batch precision (C.Y. 0.1 %).
However, like the method of Hill (1965) this method is unsuitable for the routine analysis of icteric specimens, which makes it unsatisfactory for the analysis of some pathological and neonatal material. A calcein concentration of 15 mg/litre was found adequate to give a sensitive, almost linear, standard curve. The sensitivity does not fall off markedly at higher concentrations as it does using the cresolphthalein technique.
Methyl green increases the sensitivity of the phosphate determination by greater than a factor of 20 compared with the original technique of Fiske and Subbarow (1925) .
Both methods described here are relatively simple in that no time delay coils or heating baths are required and all reagents including the alkaline calcein, if stored as indicated, are stable for at least one week at room temperature. Because of these factors, the methods are more easily adapted to routine laboratory use.
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